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Abstract

The Polyp Prevention Trial (PPT) is a multicenter
randomized controlled trial to evalvate whether a low-fat,
high-dietary fiber, high-fruit and -vegetable eating
pattern will reduce the recurrence of adenomatous polyps
of the large bowel. Men and women who had one or
more adenomas removed recently were randomized into
either the intervention (n = 1037) or control (n = 1042)
arms. Food frequency questionnaire data indicate that
PPT participants at the beginning of the trial consumed
36.8% of total energy from fat, 9.7 g of dietary fiber/1000
keal, and 3.8 daily servings of fruits and vegetables.
Baseline dietary characteristics, including intake of fat,
fiber, and fruits and vegetables, as well as other macro-
and micronutrients, were similar in the two study groups.
The intervention participants receive extensive dietary
and behavioral counseling to achieve the PPT dietary
goals of 20% of total energy from fat, 18 g/1000 kcal of
dietary fiber, and 5-8 daily servings (depending on total
caloric intake) of fruits and vegetables. Control
participants do not receive such counseling and are
expected to continue their usual intake, Dietary intake in
both groups is monitored annually using a 4-day food
record (also completed at 6 months by intervention
participants only) and a food frequency questionnaire,
with a 10% random sample of participants completing an
annual unscheduled 24-h telephone recall. Blood
specimens are drawn and analyzed annually for lipids
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and carotenoids. This article provides details on the
rationale and design of the PPT dietary intervention
program and describes the participant baseline dietary
intake data characteristics.

Introduction

Background. The PPT,? a multicenter randomized trial, tests
the effect of a low-fat, high-fiber, high-fruit and -vegetable
eating plan on the recurrence of adenomatous polyps of the
large bowel. The dietary intervention program for the PPT
encourages participants to adopt an eating plan consisting of
20% of calories from fat, 18g of dietary fiber/1000 kcal, and
5-8 serving of fruits and vegetables/day. During the 4 years
participants are enrolled in the study, dietary data, health and
lifestyle information, quality-of-life data, and blood specimens
are collected annually. In years 1 and 4, colonoscopies are
performed and polyps are removed. More complete details of
the study design and rationale are reviewed in a companion
paper (1). This paper describes the rationale for the specific
dietary goals, reviews the design of the dletary intervention, and
presents baseline dletary intake charactetistics of participants.

Although the primary objective of the PPT is to determine
whether dietary change affects adenoma recurrence, other im-
portant issues related to the nutrition intervention are examined,
including: a) the efficacy of the intervention program in ac-
complishing these dietary changes; b) the relationship between
specific dietary changes and blood biomarkers; and c) the
association between dietary changes and health, lifestyle, and
quality-of-life factors.

Other polyp trials are investigating the effects of dietary
supplements, such as antioxidant vitamins (2-4), calcium (5),
or fiber (6), on the recurrence of adenomatous polyps. Two
groups are studying the effect of a low-fat diet plus a wheat
bran supplement on adenoma recurrence (7, 8). No previous
large bowel adenomatous recurrence trial, however, has at-
tempted to modify the overall dietary pattern of participants by
counseling them to simultaneously aim for three quantitative
dietary goals and to maintain them over such a long period of
time (4 years).

The PPT intervention aims to alter the overall dietary
pattern, rather than merely change a single nutrient (as in a
fiber-supplement or low-fat intervention). This is one of the
first dietary intervention clinical trials to use such a multigoal
intervention approach. Investigators are increasingly recogniz-
ing the need to examine combined rather than single dietary
component modifications. First, existing data support the no-
tion of a total-diet approach. Specifically, lower large bowel
cancer risk is associated with each of the three factors (low-fat,
high-fiber, high-fruit and high-vegetable), with the greatest risk

3 The abbreviations used are: PPT, Polyp Prevention Trial; NHANES II, Second
National Health and Nutrition Examination Survey; FFQ, food frequency ques-
tionnaire; NCI, National Cancer Institute; 4DFR, 4-day food record.
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reduction observed among those who consume optimal levels
of all three factors (9). Intervention with a low-fat, high-fiber,
high-fruit and -vegetable eating plan thus maximizes the like-
lihood of reducing polyp recurrence. Second, it is unlikely that
a protective effect can be attributed to a single food group or
nutrient. Research findings on the cancer-protective effect of
plant-based foods (fruits, vegetables, and grains) are much
more consistent than those for vitamins or fiber supplements
(10). The evidence suggests the existence of multiple protective
factors in whole foods that may not be obtainable from sup-
plements. Finally, with the exception of formula diets used in
metabolic ward studies, changing a single component in the
diet, such as fat, also changes multiple other dietary compo-
nents, such as the amount of fruits and vegetables, fiber, and
carbohydrates. The PPT intervention thus investigates the
effects of a dietary pattern change.

Rationale for Dietary Goals

The specific level for each of the three PPT dietary goals was
based on the following four factors: a) intake anticipated at
baseline and maintained in the controls for the duration of the
trial; b) feasibility of achieving the target level; c) safety asso-
ciated with the target level of intake; and d) the level suggestive
of cancer risk reduction in epidemiological studies.

Fat Goal. During the PPT planning phase in 1990, the per-
centage of calories from fat in the United States was estimated
to be between 35 and 37% based on 24-h recalls in NHANES
II (Ref. 11). National recommendations to reduce fat to 30% or
less of energy should reduce fat intake further in the general
population (12, 13). The feasibility of reducing fat intake to
approximately 20% of calories has been demonstrated in sev-
eral studies (14-16), and there is no evidence that this level of
fat intake has any adverse effects. It is estimated that a 50%
reduction in United States per capita fat intake (from 40% to
20% of calories) reduces colon cancer risk among individuals
ages 55-69 by 60% among women and by 80% among men
(17). These findings suggest that a reduction to 20% of calories
from fat should result in a significant, measurable decrease in
risk. Therefore, a reduction in fat intake to 20% of calories was
chosen as both feasible and adequate to ensure a difference
between the intervention and control group adequate. Only a
few colon cancer studies before 1990 reported risks relative to
type of fatty acid (18-20). Therefore, the PPT intervention
focuses on reduction in total fat without selective reduction in
specific types of fat.
Fiber Goal. National nutrition survey data from NHANES I
suggests that dietary fiber intake in the United States to be
approximately 11.1 g/day or 6 g/1000 kcal/day (21). The NCI
recommendation to increase fiber to a minimum of 20 g/day
(12) was expected to result in a modest increase in fiber intake.
Increasing dietary fiber intake from foods up to a level of 60 g
has been demonstrated to be feasible, well tolerated, and safe
(22, 23). Although one case-control study shows protection for
an intake of dietary fiber above 24 g/day (9), few epidemio-
logical studies of large bowel cancer provide data that allow
estimation of the precise level of dietary fiber that would be
required to reduce colon cancer risk. The trial target of 18
g/1000 kcal (or an average intake of 35 g/day) was established
because it is feasible, should provide adequate difference be-
tween intervention and control groups, and is associated with
reduced colorectal cancer risk in the epidemiological literature.
The PPT intervention eating plan encourages participants
to increase fiber from a variety of food sources. Approximately
one-half of the dietary fiber intake is expected to be derived

from fruits and vegetables and the remainder from cereal grain
products. Achieving a specific level of fiber from each of these
sources, however, is not an intervention goal.

Fruit and Vegetable Goal. During the planning of the PPT,
only 9% of the United States adult population consumed 3 or
more servings of vegetables and 2 or more servings of fruit per
day (24). Mean intake was 1.8 servings of vegetables and 1.1
servings of fruits and fruit juice (24). Since the 1980s, the
United States Department of Agriculture and the Department of
Health and Human Services Dietary Guidelines for Americans
have recommended 2-3 daily servings of fruits and 3-5 daily
servings of vegetables (25). Similarly, both the Surgeon Gen-
eral’s Report (10) and the Diet and Health Report (13) recom-
mend increased fruit and vegetable consumption for chronic
disease prevention. Based on these recommendations and as-
sociated media campaigns, it is anticipated that during the
course of the trial fruit and vegetable intake in the United States
population will increase to approximately 3 to 4 servings/day.
Although epidemiological studies show a fairly consistent in-
verse relation between fruit and vegetable intake and colorectal
cancer, studies before 1990 did not report the quantitative level
of total fruit and vegetable intake associated with reduced large
bowel cancer risk, but merely ranked individuals according to
their fruit and vegetable intake. Thus, a minimum level of
servings needed to confer protection against large bowel cancer
is not known. Based in part on the general dietary recommen-
dations that consumption of 5 or more servings of fruits and
vegetables is necessary for maintaining good health, a (calorie-
adjusted) target of 5-8 servings/day was selected. This target
appears feasible and likely to ensure a substantial intake
difference between intervention and control groups.

The trial goal is to increase consumption of a variety of
fruits and vegetables, without emphasis on specific types of
these foods. The number of servings of fruits and vegetables is
adjusted for baseline caloric intake as follows: <1300 kcal, 5
servings; 13011700 kcal, 6 servings; 1701-2100 kcal, 7 serv-
ings; and >2100 kcal, 8 servings. Because of the larger body of
evidence on the protective effect of vegetables compared to
fruits for large bowel cancer (26), participants are counseled to
consume a minimum of 3 servings of vegetables/day. For this
trial, legumes and potatoes are considered vegetables, and
juices are not counted toward the fruit and vegetable goal.
Juices (which contain little fiber) are excluded to enhance the
likelihood of achieving fiber goals and to avoid confusion in
defining what drinks constitute juices.

To ensure a similar dietary pattern in both male and female
intervention participants, all dietary goals were adjusted ac-
cording to caloric intake. Dietary goals for fat, fiber, and fruits
and vegetables are set for each participant based on his or her
baseline caloric intake as measured by a FFQ. These goals are
not modified during the course of the trial even if the partici-
pant’s caloric intake changes. Weight loss is permitted, but not
encouraged. Intervention participants are counseled to replace
fat calories with increased consumption of fruit, vegetable, and
grain products rather than reduce total caloric intake.

Dietary Intervention Program

The intervention program draws from the approach used in the
feasibility phase of the Women’s Health Trial (14) and inte-
grates nutrition education and behavior modification tech-
niques. The PPT intervention program incorporates four key
elements: a) nutrition skills-building; b) behavior modification
techniques; ¢) self-monitoring techniques; and d) standardized
nutrition education and behavior modification materials.
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Nutrition Skills Building. To modify eating patterns effec-
tively, participants must learn about the dietary factors to be
changed, as well as acquire the skills necessary to change eating
habits. Therefore, one objective of the intervention program is
to provide information about fat, fiber, and fruits and vegeta-
bles, including food sources of fat and fiber, as well as ways to
lower fat and increase fiber and fruits and vegetables. Partici-
pants practice skills related to making the necessary changes,
such as food-label reading, low-fat cooking, estimating portion
sizes, and incorporating fruits and vegetables into a variety of
dishes.

Behavior Modification Techniques. A number of studies
suggest that knowledge alone is insufficient to make long-term
lifestyle changes. Programs that combine educational strategies
with behavior modification techniques have proven to be much
more effective in promoting long-term dietary changes than
programs using educational approaches alone (27-29). The
PPT intervention program incorporates a wide variety of be-
havioral techniques, including situational management, pre-
planning, reward systems, goal-setting, and problem-solving.
The primary emphasis, however, is on cognitive factors that
underlie behavior changes: how people view themselves, their
world, and the changes they make. Numerous studies indicate
that although cognitive factors are not the only pertinent fac-
tors, they are probably the most powerful elements in promot-
ing successful behavior change (30-32). The PPT intervention
program, therefore, draws from a cognitive philosophy sum-
marized in the following concepts. First, dietary patterns are a
matter of choice and individuals are most likely to maintain
changes if they are held accountable for their dietary intake.
Second, conceptualizing foods as good versus bad is unlikely to
result in long-term change in diet. Finally, individuals are most
likely to sustain behavior change when it is based on a personal
commitment, when changes are perceived as feasible, and when
they take responsibility for their changes.

Self-Monitoring Techniques. Studies indicate that self-mon-
itoring of a target behavior increases the likelihood of adopting
the behavior (33, 34). Dietary self-monitoring supports behav-
ior change by providing valuable and timely feedback about
eating patterns, promoting self-awareness, providing nutrition-
ists with information to develop more targeted support and
guidance, helping to develop a sense of personal accountability,
measuring progress toward goal, and motivating participants. In
the PPT, self-monitoring is used as an education tool for im-
proving adherence. Intervention participants are encouraged to
self-monitor intake of fat, fiber, and fruits and vegetables
throughout the trial. Participants are asked to keep daily records
of food intake for the first 6 weeks and for four typical days per
week for the remainder of the first year. In years 2, 3, and 4,
participants are asked to self-monitor for four typical days per
month. Participants who wish to self-monitor more frequently
are encouraged to do so. Initial self-monitoring is done using
the Fat and Fiber Score Diary, a pocket-size diary for recording
food intake, and a Fat and Fiber Guide, an alphabetic and food
group listing of 1100 foods. This guide lists the amount of fat,
fiber, fruit and vegetable servings, and calories for each of these
foods. After the first 6 months of intervention, other tools are
available to stimulate interest in maintaining self-monitoring
and to reduce the time required. These latter tools include the
Fat and Fiber MiniGuide, which contains only 225 commonly
eaten foods in eight color-coded sections; Diary At-A-Glance,
a personalized master list of frequently eaten foods; and In
Record Time, which reduces math calculations involved in
keeping diet records and emphasizes fat budgeting.

Table I Standardized intervention materials used by intervention participants
' in the PPT N

Name Content

Nutritionist’s Manual

Intervention Participant’s
Manual

Fat and Fiber Guide

Self-Monitoring Tools

Recipe Collection

Nutrition policies & leaders’ guidelines
51 modules plus handouts

Fat, fiber, and frwits & vegetables in 1100 foods
Four tools
200 recipes b

Standardized Nutrition Materials. A list of the standardized
materials used in the PPT intervention program is given in
Table 1. The core of the intervention materials is the set of 51
counseling modules. In addition, recipes, multiple self-moni-
toring tools, and supplemental handouts are distributed to in-
tervention participants. The intervention is delivered primarily
through counseling sessions conducted with each participant.
Spouses or food preparers are encouraged to attend sessions. In
the first year, individual counseling sessions are conducted to
focus on the specific needs of the individuals. In years 2—4, the
intervention program is delivered primarily through group
counseling sessions to provide additional social support and
help maintain motivation. Sessions are held weekly for the first
6 weeks, biweekly for next 6 weeks, and monthly for the
remainder of the first year. Bimonthly sessions are held in year
2 and quarterly sessions in years 3 and 4. To maintain close
contact with the participants, nutritionists are required to have
phone contacts with intervention participants in months coun-
seling sessions are not held.

Participants are initially instructed to reduce fat, then replace

fat calories with fruits and vegetables and, by week 6, to add
high-fiber grains to their eating plan. In this way, fat calories are
replaced by fruits, vegetables, and grains; the increase in dietary
fiber is gradual. Table 2 lists the 51 intervention modules used in
PPT. Modules in years 1 and 2 integrate both nutrition and be-
havior in each counseling session. The remainder of the modules
are devoted to a single topic, and nutritionists can select any one
or two modules for a counseling session based on participants’
needs. The six Fat Alert modules are delivered any time after year
1 to target specific high-fat eating patterns. Leaders’ guidelines
were developed for all modules to standardize the delivery of the
intervention. Counseling sessions are conducted by registered di-
etitians trained in the PPT intervention by the Data and Nutrition
Coordinating Center.
Control Group. The control group receives no dietary inter-
vention counseling or materials because the strategy for this
group is minimum interference with customary dietary intake.
Dietary data necessary for appropriate comparison with the
intervention group are collected. Participants in the control
group attend one Clinical Center visit annually for dietary
assessment and blood specimen collection.

Dietary Assessment

Many publications address the potential errors in estimating
dietary intake and the pros and cons associated with various
dietary assessment methods (35, 36). Because most measures of
dietary intake rely on participant self-report, the possibility for
inaccurate measurement exists regardless of the assessment tool
(37). Therefore, the PPT uses three different dietary methods to
estimate intake: modified Block/NCI FFQs (38), 4DFRs, and
24-h telephone recalls. At baseline and annually thereafter,
FFQs and 4DFRs are obtained from all participants. At 6
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Table 2 Dietary intervention counseling modules® & ¢

Time distributed Intervention Module

Year 1 Getting Acquainted
Focusing on Fat
Learning About Food Labels
Following Up on Fat
Eating Away From Home
Focusing on Fruits and Vegetables
Focusing on Fiber
More on Fiber
Keep on Moving
Meal In Minutes
Snacking Wisely
Exploring the Vegetable Patch
Desserts, Glorious Desserts
Seafood. . .Making a Splash In Your Life
Breakfast. . .Setting the Stage For Your Day
Ethnic Foods and Seasonings
Holiday Cheer and Celebrations
Shortcuts
1-Minute PPT Manager

Year 2 Grain and Bean It!
Taking PPT on the Road
Solutions and Substitutions
Maintaining Your Motivation
Keeping Your Balance
Fresh Outlooks

Pocket The Fat®

Toss n° Turn Cooking®

Seven Keys to Getting Motivated®

What’s Keeping You from Getting Motivated”

Make It Snappy”

Sizing Things Up®

A Positive Attitude: What, Why, and How?

Making and Refusing Requests®

Emotional Support for Stress Management®

Quick Relaxation Techniques®

Communicate for Personal Power”

A Big Fat Difference®

Managing Daily Hassles®

Visualizing and Affirming®

Diet and Large Bowel Cancer—Facts
Behind PPT*

Separating Science Fact from Science
Fiction”

Good Fiber-a-tions®

Score More with Fruit and Vegetables®

A Table for One—or Two will Do®

Life After the PPT®

We’ve Got to Stop MEATing Like This
Subtracting ADDED FATS

Balancing Your FAT BUDGET

Keeping Fat Down When OUT ON THE TOWN
BAKED GOODS and Not-So-Goods

*“Moo”ving Toward Lower-Fat DAIRY CHOICES

Years 3 & 4*°

Fat Alerts®

“The format and style of these materials were adapted from the Johnson &
Johnson Health Management, Inc., Creative Units Courseware.

® Modules purchased from Johnson & Johnson Health Management, Inc., 1989.
< The six Fat Alert Modules are delivered any time after year 1.

months, an additional 4DFR is collected on all intervention
participants to more closely monitor dietary change. Each year,
24-h telephone recalls are collected on 10% of both intervention
and control participants.

Participants view instructional videos demonstrating food
portion estimation and proper completion of PPT FFQs and
4DFRs. Although the FFQs and 4DFRs are self-administered,

both completed dietary assessments are reviewed with partici-
pants by nutrition staff trained and certified on all three dietary
assessment tools. For each intervention participant, dietary as-
sessments are conducted by nutrition staff not involved with
that individual’s intervention counseling.

The primary measure of dietary intake of the trial is the
FFQ, which assesses intake during the past year. The Block/
NCI FFQ (38) used in the PPT was modified to include more
high-fiber foods, such as dried fruit, high-fiber cereals, and
legumes. Low-fat and nonfat food items were also added to
reflect changes in the marketplace. Additional questions were
included to assess methods of cooking meat and caffeine intake.
These FFQ modifications, combined with the nutritionist’s
review of completed dietary assessments, are intended to re-
duce the underestimation of calories frequently seen in FFQs
(39).

4DFRs capture details of dietary habits not reflected in
FFQs. Participants are instructed to keep 4DFRs on Sunday
through Wednesday. All completed records are first reviewed
with the participant by Clinical Center certified nutrition staff.
The Nutrition Coordinating Center, University of Minnesota,
then reviews all records for completeness. Twenty % of these
reviewed records are coded and analyzed immediately, and the
remainder are archived for future analyses. The 20% cohort
selected for immediate analysis of 4DFRs was identified ran-
domly with stratification by Clinical Center and gender. 4DFRs
are analyzed for all nutrients, including types of fatty acids, and
individual food items. Archived records can be analyzed on
individuals, such as those with recurrent adenomas, to provide
additional information on dietary intake.

Six months after randomization, telephone 24-h recalls are
conducted at random on 10% of the participants each year.
These recalls are conducted by Clinical Center nutrition staff on
both weekends and weekdays. A potential strength of 24-h
recalls is that they involve collection of unanticipated dietary
data from the participant (40).

Using these three different types of dietary assessment
methods, each with its own strengths and limitations, should
increase the likelihood of obtaining accurate dietary data in this
trial. The PPT also becomes a resource for future studies on
comparison of these three dietary assessment tools. In addition,
blood specimens are analyzed for total cholesterol (41), tri-
glycerides (41), high-density lipoprotein-C (42), low-density
lipoprotein-C (43), vitamins A and E, and individual serum
carotenoids (Ref. 44; a-carotene, B-carotene, lutein, lycopene,
and cryptoxanthin) on the same 20% cohort selected for 4DFR
analysis. These data should be useful for evaluating biomarkers
of dietary change.

Health and Lifestyle Data

At randomization and once annually throughout the trial, both
the intervention and control groups complete a general health
questionnaire to gather information that might be associated
with dietary adherence and the development of adenomas. The
health and lifestyle questionnaire includes questions on general
demographic characteristics, current household composition,
eating habits and food preparation, tobacco use, medical history
(including family history of colorectal cancer), bowel habits,
physical activity, and prescription and nonprescription drug
use. Weight and height are measured at baseline, and weight is
measured at each subsequent annual visit. A cohort of 200
intervention and 200 control participants also completes an
additional questionnaire to obtain information on quality of life,
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Table 3 Baseline intake of fat, fiber, and fruits and vegetables for PPT
control and intervention participants® & ¢

Table 5 Baseline intake of selected food groups®

Male Female

Control® Intervention n = 1351° n =728
FFQ® Fruits 1.3 (0.03) 14 (0.03)
Fat, % calories 36.0(0.23) 35.8(0.22) Vegetables 24 (0.03) 2.5 (0.04)
Fiber, g/1000 kcal 9.5(0.12) 9.9 (0.12) Fruit juices 0.7 (0.02) 0.7 (0.02)
Fruits & vegetables, servings/day” 3.8 (0.05) 3.8 (0.05) Legumes 0.16 (0.01) 0.14 (0.01)
4DFR“ Fiber cereals 0.5 (0.01) 0.5 (0.01)
Fat, % calories 32.5(0.47) 32.2 (0.44) Red meat 0.7 (0.01) 0.5 (0.01)
Fiber, g/1000 kcal 9.7 (0.21) " 9.8(0.21) Fatty luncheon meat 0.3 (0.01) 0.2 (0.0D
Fruits & vegetables, servings/day” 4.7(0.15) 4.8 (0.25) Chicken/fish 0.6 (0.01) 0.6 (0.01)
% Values are presented as mean (SEM). Dairy product§ L1 (0.02) L3 (0.03)
® Data derived from 380 female and 662 male control participants and 348 femal Butter/margarine 10 (0.02) 1.1 (0.03)

and 689 male intervention participants; n = 1042 control and 1037 intervention.
© A serving is defined as follows: vegetables, ¥ cup raw, canned, or cooked; 1 cup
raw leafy, V2 cup legumes; or 1 medium. Fruits, Y2 cup raw, canned, or cooked;
Ya cup dried; or 1 medium (1 large = 1% servings; 1 small = Y% serving).

4 Data derived from 69 female and 153 male control participants and 72 female
and 151 male intervention participants; n = 222 control and 223 intervention.

Table 4 Baseline calorie and macronutrient intake for men and women®

Male Female
n = 1351° n =728
Calories, kcal 2094.2 (16.48) 1767.0 (19.64)
Protein, g 84.7 (0.66) 74.3 (0.86)
Protein, % calories 16.4 (0.07) 17.0(0.11)
Fat, g 85.1 (0.89) 70.4 (1.08)
Fat, % calories 36.2(0.19) 35.4 (1.08)
Carbohydrate, g 237.2 (2.09) 207.1 (2:54)
Carbohydrate, % calories 45.5 (0.21) 47.1 (0.29)
Fiber, g 18.5 (0.21) 17.4 (0.29)
Cholesterol, mg 284.3 (3.68) 2199 (3.77)
Saturated fat, g 29.6 (0.34) 23.8 (0.39)
Monounsaturated fat, g 31.5(0.39) 25.8 (0.41)
Polyunsaturated fat, g 15.1 (0.18) 13.4 (0.25)

“ All data are from the baseline FFQ.
® Values are presented as mean (SEM).

including self-perceived physical and emotional well-being and
satisfaction with diet and self-care.

Baseline Dietary Characteristics

As indicated by FFQ and 4DFR data, control and intervention
groups had similar baseline fat, fiber, and fruit and vegetable
intake (Table 3). Numerous factors can contribute to slight
discrepancies commonly observed in FFQ and 4DFR estima-
tion of dietary intake (40). The intervention and control groups
are also similar with respect to other nutrient and food group
intake, dietary supplement use, and eating behaviors, such as
meals eaten away from home, meals/day, and snacking (data
not shown).

Baseline dietary data have been collected on 1351 men
(mean age, 62) and 728 women (mean age, 60). Table 4 gives
calorie and macronutrient intake by gender as estimated by
FFQ. For men, these values are comparable to those reported in
the recent NHANES 1III (45), except for fat. The NHANES HI
national survey, using 24-h recall data, reported 33.3% of
calories from fat (80g/day) for men 6069 years old. This value
is similar to the 32.8% of calories from fat for PPT men
estimated by 4DFR. Women in the PPT consume approxi-
mately 200 calories/day more than women 60-69 years in the
NHANES III survey (45). After adjusting for caloric intake the
nutrient values for women, given in Table 4, are also very

< All data are from the FFQ.
® Values are presented as mean servings/day (SEM).

similar to NHANES 1II, except for fat, which is 31.6% of
calories (45).

The epidemiological literature suggests that a number of
food groups might be related to large bowel cancer. Table 5
gives PPT baseline intake for some of these foods. PPT men
and women consume approximately the same number of serv-
ings of these foods, although men consume approximately 300
calories/day more. Men consume slightly higher levels of red
meat and fatty luncheon meat and slightly lower levels of dairy
products and butter/margarine. These data are comparable to
the 1987 NHIS survey for most food groups (46). The NHIS
survey reported higher intake of butter/margarine (1.6 servings/
day for males, 1.7 servings/day for females) and lower intake of
chicken/fish (0.2 servings/day for both males and females) and
fruits and vegetables (46). In the 1987 National Health Inter-
view Survey, men and women consumed approximately 1 less
serving/day of fruits and vegetables than did PPT participants
(46). The more recent 1991 baseline survey for the NCI Five a
Day Program reported 3.2 servings/day of fruits and vegetables
for men and 4.2 servings/day for women of comparable age
47). )

A variety of nutrient supplements, including vitamin E (2,
3,4), vitamin C (2, 3, 4), calcium (5) and dietary fiber (6, 7, 8),
have been evaluated as chemopreventive agents in other polyp
clinical trials. PPT participants are not asked to refrain from
taking dietary supplements. However, to ensure that these and
other nutrient supplements will not confound results of the PPT
dietary intervention, supplement use is monitored. Table 6
shows that a little over 30% of PPT participants take vitamin
supplements. These levels agree with the 1980 and 1986 na-
tional surveys, which report that one in three American adults
use dietary supplements (48). The slightly higher intake of
dietary supplements in elderly women is well documented (49,
50). Nutrient values listed in Table 6 are quite similar to
NHANES III for the B vitamins, folate and iron (51). Men in
the PPT consume approximately 15% more dietary vitamin A,
40% more dietary vitamin C, and 10% less dietary vitamin E,
and women consume about 35% more dietary vitamin A, 40%
more dietary vitamin C, and 20% more dietary calcium than
NHANES III (51). At baseline, women in the PPT exceed the
recommended dietary allowance for all vitamins and minerals
listed in Table 6, whereas men are below recommended dietary
allowance levels for vitamin E (10 TE) and calcium (1200 mg;
Ref. 52). Fiber supplement use is quite low in PPT and should
not interfere with the ability of the trial to evaluate changes in
dietary fiber intake.

Because various eating behaviors could affect dietary ad-
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Table 6 Percent of participants at baseline consuming dietary supplements and their nutrient intake with and without supplements®

Percent consuming Percent consuming

Dietary intake, male Total intake, male Dietary intake, female Total intake, female

male? female

Vitamin A, TU 315 36.3 9605  (146) 11,162  (172) 10,160 (239) 11,770 (274)
Vitamin C, mg 399 46.8 141.6 (2.08) 295.9 (10.88) 138.9 (2.81) 357.9 (18.88)
Vitamin E, mg o-TE 38.12 45.6 8.8 (0.08) 48.2 (2.99) 8.0 (0.11) 65.2 (5.37)
Thiamin, mg 312 36.4 1.6 (0.01) 29 (0.11) 1.4 (0.19) 3.2(0.18)
Riboflavin, mg 320 375 2.1 (0.02) 3.3 (0.08) 1.9 (0.03) 3.5(0.13)
Niacin, mg 320 375 23.3 (0.19) 36.0 (0.84) 19.9 (0.24) 36.6 (1.31)
Folate, mg® 3234 (341) ' 292.4 (4.42) :
Calcium, mg 54 310 8733 (11.47) 901.4 (12.36) 846.8 (16.60) 1083.5 (26.47)
Iron, mg ' 320 375 16.01 (0.14) 20.58 (0.26) 7 14.1 (0.02) 19.2 (0.36)
Fiber, g 10.7 14.3 185 (0.21) 18.9 (0.21) 17.4 (0.29) 18.0 (0.29)

4 All data are from the FFQ.
® Values are presented as mean (SEM).
¢ Folate supplement use is not estimated by the PPT FFQ.

Table 7 Food shopping, preparation, and eating occasions for PPT
participants at baseline®

easy meals and/or meeting PPT dietary goals when eating out
and snacking.
Progress toward dietary goals is continually monitored.

Male, % Female, % . X A N
¢ ° This allows for constructive action to be taken when there is an
Primary, grocery shopper: self 284 (1.23) 804 (1.47) indication that the intervention group falls short of its dietary
Primary cook: self 214 (1.12) 85.7 (1.30) goals. The intervention program is augmented as necessary to
Eat 3 meals/day 626(1.32) 66.5 (1.75) include more focus on specific areas to encourage intervention
Eat 1 or 2 snacks/day 38.4(1.32) 32.4(1.73) articipants to meet their diet oals
Eat 27 meals/week away from home 547 (1.35)  58.2(183) particip ary goals.

2 All data are from the Health and Lifestyle Questionnaire.
® Values presented as mean (SEM).

herence, participants were asked specific questions concerning
food preparation, meal patterns, and restaurant eating. Baseline
responses to these questions are summarized in Table 7.
Women are the primary grocery shoppers (80.4%) and cooks
(85.7%). Otherwise, there are few differences between male
and female participants. The majority of participants eat three
meals a day, have one or two snacks, and consume 2-7 meals/
week away from home.

Discussion

The PPT intervention program is designed to address three
specific areas that traditionally have been problematic in dietary
intervention trials: a) poor adherence among intervention par-
ticipants; b) “drop-in” or “contamination” among control
participants, and ¢) inaccurate assessment of dietary intake.

Promoting Long-Term Adherence among Intervention Par-
ticipants. The intervention group must make marked changes
in usual eating patterns to meet PPT dietary goals. To sustain a
substantial difference between contro] and intervention intake
for the duration of the trial, it is necessary to take an aggressive
approach to long-term adherence to the PPT eating plan. Even
with intense counseling by PPT nutritionists, it is anticipated
that the intervention dietary goals will be difficult to achieve
and maintain over a long period of time (4 years). The PPT
intervention program, which integrates both behavioral and
nutrition education components, was designed to help partici-
pants make and maintain long-term changes. In addition, the
intervention program is sensitive to the lifestyle characteristics
of the participants. For example, because approximately 80% of
male participants are not the primary cook or food shopper,
they are encouraged to have the primary cook or shopper for the
household attend both individual and group sessions. The in-
tervention program also offers many suggestions for preparing

Prevention of Drop-in or Contamination among Control
Participants. Although it is anticipated that it will be difficult
for control participants to approach the overall dietary goals
achieved by the intervention group without the benefit of the
intensive counseling program, control drop-in is an area of
concern. First, control participants may be interested in making
health-promoting dietary changes, given their interest in study
participation. Drifts in the control group may be compounded
by general changes in fat intake in the United States resulting
from an increased interest in health and also the increased
availability of a variety of reduced-fat food products. Similar
concerns exist with regard to national campaigns promoting
increased fruit and vegetable intake. To minimize potential
control group contamination, the PPT control participants
have no contact with trial nutritionists beyond the annual
dietary assessment visit. Furthermore, intervention group
activities are conducted separately from those involving the
control participants.

Accuracy of Dietary Assessment. Because of the limitations
of any one dietary assessment method, the PPT uses three
separate methods of assessing intakes of various nutrients and
food groups: the FFQ, which measures usual intake; the 4DFR,
which records intake on specified days; and the 24-h recall,
which obtains dietary data at unannounced times. To minimize
bias in dietary assessment data, several procedures have been
established. First, nutritionists who provide counseling for a
participant cannot perform dietary assessment activities for that
participant. Second, participants do not receive written or
verbal feedback from their completed dietary assessments. Fi-
nally, nutritionists do not receive individual dietary assessment
data on participants. Because some feedback on individuals is
important to help participants change their eating patterns,
participant self-monitoring information and group (rather than
individualized) dietary assessment data are used to assist par-
ticipants and nutritionists in meeting PPT dietary goals. Despite
the efforts to ensure unbiased and accurate reporting of dietary
intake, all three assessment methods rely on self-reports. There-
fore, potential blood biomarkers are monitored throughout the
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trial and compared to data collected from the various dietary
assessment tools.

Conclusion. Large-scale dietary intervention control trials are
major scientific undertakings requiring extensive resources and
personnel. Problems common to these trials include lack of
adherence, inaccurate estimation of dietary intake, and contam-
ination of the control group. The PPT was designed to address
these problems and, thus, to provide data necessary to evaluate
whether dietary modification influences risk of large bowel
malignancy, one of the leading causes of cancer death in west-
ernized countries.

Appendix
PPT Study Group

NCI, Bethesda, Maryland. A. Schatzkin, E. Lanza, R. Ballard-Barbash, C.
Clifford, D. Corle, L. S. Freedman, B. Graubard, L. Kruse, J. Tangrea, and F.
Hamilton (National Institute of Diabetes and Digestive Diseases).

Bowman Gray School of Medicine, Wake Forest University, Winston-
Salem, North Carolina. M. R. Cooper, E. Paskett, T. Dolecek, S. Quandt, C.
DeGraffinreid, K. Bradham, L. Kent, M. Self, D. Boyles, D. West, L. Martin,
N. Taylor, E. Dickenson, P. Kuhn, J. Harmon, I. Richardson, H. Lee, and
E. Marceau.

State University of New York at Buffalo, Buffalo, New York. J. R. Marshall,
M. P. Lance, D. Hayes, J. Phillips, N. Petrelli, S. Shelton, E. Randall, A. Blake,
L. Wodarski, M. Deinzer, and R. Melton.

Edward Hines, Jr., Hospital, Veterans Affairs Medical Center, Hines, Illi-
nois. F. L. Iber, P. A. Murphy, E. C. Boté, L. Brandt-Whittington, N. Haroon, N.
Kazi, M. A. Moore, S. B. Orloff, W. J. Ottosen, M. Patel, R. L. Rothschild,
M. Ryan, J. M. Sullivan, and A. Verma.

Kaiser Foundation Research Institute, Oakland, California. B. Caan, J. V.
Selby, G. Friedman, M. Lawson, G. Taff, D. Snow, M. Belfay, M. Schoenberger,
K. Sampel, T. Giboney, and M. Randel.

Memorial Sloan-Kettering Cancer Center, New York, New York. M. Shike,
S. Winawer, A. Bloch, J. Mayer, R. Morse, L. Latkany, D. D’ Amato, A. Schaffer,
and L. Cohen.

University of Pittsburgh, Pittsburgh, Pennsylvania. J. Weissfeld, R. R. Schade,
L. Kuller, B. Gahagan, R. Schoen, A. Caggiula, C. Lucas, T. Coyne, S. Pappert,
R. Robinson, V. Landis, S. Misko, L. Search, and D. Hansen.

University of Utah, Salt Lake City, Utah. R. W. Burt, M. Slattery, N. Viscofsky,
J. Benson, J. Neilson, R. O’Donnel, M. Briley, and K. Heinrich.

Walter Reed Army Medical Center, Washington, DC. J. W. Kikendall, D. J.
Mateski, R. Wong, E. Stoute, V. Jones-Miskovsky, A. Greaser, S. Hancock, and
S. Chandler.

Data and Nutrition Coordinating Center, Westat, Inc., Rockville, Maryland.
J. Cahill, C. Daston, M. Hasson, H. Price, B. Brewer, C. Sharbaugh, and B.
O’Brien.

Central Pathologists

K. Lewin (University of California, Los Angeles, California) and H. Appelman
(University of Michigan).

Laboratories

P. S. Bachorik and K. Lovejoy (Johns Hopkins University); A. Sowell (Centers
for Disease Control).

Data and Safety Monitoring Committee

E. R. Greenberg (chairperson; Dartmouth University); E. Feldman (Augusta,
Georgia); C. Garza (Cornell University); R. Summers (University of Towa); S.
Weiand (through June 1995; University of Minnesota); and D. DeMets (beginning
July 1995; University of Wisconsin).
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